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DETAILED ACTION 
Election/Restrictions 

1 . Restriction is required under 35U.S.C. 121 and 3 72 . 

This application contains the following inventions or groups of inventions which are not 
so linked as to form a single general inventive concept under PCT Rule 13.1. 

In accordance with 37 CFR 1.499, applicant is required, in reply to this action, to elect a 
single invention to which the claims must be restricted. 

Group I, claim(s) 1-21, and 27, drawn to a method of reducing a metal-oxygen compound 

wherein carbon acts as a reducing agent. 

Group II, claim(s) 22-26, drawn to an apparatus for carrying out the reduction of a metal- 
oxygen compound wherein carbon acts as a reducing agent. 

2. The inventions listed as Groups I and II do not relate to a single general inventive concept 
under PCT Rule 13.1 because, under PCT Rule 13.2, they lack the same or corresponding special 
technical features for the following reasons: the apparatus of Group II requires a first and second 
reaction chamber with a transport means for transferring the solid charge from the first stage into 
the second stage, but Group I does not require two reaction chambers or a transport means for 
transferring the solid charge from the first stage into the second stage. 

3. During a telephone conversation with Mr. Anthony Venturino on August 27 a provisional 
election was made without traverse to prosecute the invention of Group I, claims 1-21 and 27. 
Affirmation of this election must be made by applicant in replying to this Office action. Claims 
22-26 withdrawn from further consideration by the examiner, 37 CFR 1.142(b), as being drawn 
to a non-elected invention. 
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Claim Rejections - 35 USC § 112 

4. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and 
distinctly claiming the subject matter which the applicant regards as his invention. 

Claim Rejections - 35 USC § 102 

5. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign 
country or in public use or on sale in this country, more than one year prior to the date of 
application for patent in the United States. 

6. Claims 1-3, 5-10, 13-17, 19-21 are rejected under 35 U.S.C. 102(b) as being anticipated 
by Stephens, Jr. (US 4,053,301). Stephens teaches a method of reducing a metal-oxygen 
compound comprising a two stage method of transforming iron oxide to steel. Stephens teaches 
in a first reaction stage, passing CO gas into a reaction chamber containing said an iron-oxygen 
compound (column 2, lines 9-26) under conditions such that CO is converted to solid carbon and 
carbon dioxide thereby introducing the solid carbon so formed to said iron-oxygen compound 
(column 2, lines 1-4, where an excess of carbon is available to supply sufficient heat upon 
combustion), and in a second reaction stage, where the carbon was introduced to the iron - 
oxygen compound in the first reaction stage, reduces the iron-oxygen compound (column 1, lines 
61-64), to iron-carbide (column 1, line 62, where iron carbide under the circumstances taught by 
Stephens inherently promotes both the reduction of iron oxide to iron carbide and the Boudouard 
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chemical reaction of carbon monoxide to carbon and carbon dioxide. The iron carbide is a 
promoter for both the first reaction (the Boudouard chemical reaction) and the second reaction 
(the iron oxide to iron carbide chemical reaction)). 

Regarding claim 2, Stephens teaches a continuous operation, said first and second 
reaction stages being performed simultaneously (column 2, lines 16-17) and said metal- 
oxygen compound being moved fi-om a first reaction region where said first reaction 
stage takes place to a second reaction region where said second reaction stage takes place 
(implied since the oflf-gas from step 2 is circulated back to step 1, column 2, lines 9-12). 

Regarding claim 3, Stephens teaches the use of CO gas in the first reaction stage, 
where the CO was formed in the second reaction stage. (Column 2, lines 9-12). 

Regarding claim 5, 7, 8 and 9 Stephens teaches the presence of iron carbide 
(column 1, lines 61-66) while CO reacts into carbon and carbon dioxide (column 3, lines 
63-64). The iron carbide is well known to be a promoter for this reaction, which is also 
known as a Boudouard reaction, so inherently will promote this reaction. In addition, the 
iron carbide promotes both the second reaction (iron oxide to iron carbide), so the iron 
carbide is a promoter for two reactions. 

Regarding claim 6 and 10, Stephens teaches the use of particulate iron oxide 
(column 1, line 61, where "particulate" is understood to mean a tiny particle suspended in 
a gas), which transforms to iron carbide (column 1. line 62) in a fluidized bed (column 1, 
line 63). The temperature does not exceed 1,300°F (column 1, line 68), which is a 
sufficiently low temperature that the iron oxide and iron carbide remain in solid form. 
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Regarding claim 13 and 15, Stephens teaches the direct production of steel from 
particulate iron oxide. (Column 1, lines60-61). 

Regarding claim 14, Stephens teaches the first reaction stage performed at a 
carburizing temperature not to exceed about 1300°F, with a preferred temperature range 
being about 900°F to 1,200°F (column 1, line 67 to column 2, line 1). The temperature of 
900°F is about 482°C, which is below 650''C. 

Regarding claim 16, Stephens teaches the presence of iron carbide. (Column 1, 
line 62). 

Regarding claim 17, Stephens teaches no added heat is necessary if steps 1 and 2 
are close-coupled so that the iron carbide from the fluid bed is at an elevated temperature 
of about 1,100°F to 1,300°F. (Column 5, lines 9-14). So the second stage in a close- 
coupled process will be about 1,100°F (593°C) to 1,300°F (704°C), which is between 
550°C and 900°C. 

Regarding claim 19, Stephens suggests that a blast furnace can be used in the 
process taught, but to reduce costs of a "highly fuel-consuming blast furnace" (column 1, 
lines 1417), instead uses a basic oxygen fiimace or electric fiimace is used (absfract). In 
addition, Stephens teaches the use of a fluidized bed. (Column 1 , lin63). 

Regarding claim 20, both the Boudouard reaction (carbon monoxide to carbon 
and carbon dioxide reaction) and the iron oxide to iron carbide reaction occurs in the 
fluidized bet unit of Figure 1, so the substantially solid reaction product (iron carbide) 
produced in the second reaction stage is made available to the first reaction stage, where 
carbon monoxide forms carbon and carbon dioxide. 
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Regarding claim 21, Stephens teaches that the off-gasses, which are about 90% 
carbon monoxide, from the stage 2 reaction are re-circulated to the stage 1 reaction. 
(Column 1, lines 9-12). 



Claim Rejections - 35 USC § 103 

7. The ft)llowing is a quotation of 35 U.S. C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or 
described as set forth in section 1 02 of this title, if the differences between the subject 
matter sought to be patented and the prior art are such that the subject matter as a whole 
would have been obvious at the time the invention was made to a person having ordinary 
skill in the art to which said subject matter pertains. Patentability shall not be negatived 
by the manner in which the invention was made. 

8. The factual inquiries set forth in Graham v. John Deere Co. . 383 U.S. 1 (1966), that are 
applied for establishing a background for determining obviousness under 35 U.S. C. 103(a) are 
summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating obviousness 
or nonobviousness. 

9. Claim 4 is rejected under 35 U.S.C. 103(a) as being unpatentable over Stephens, Jr. (US 

4,053,301). Stephens teaches a method of reducing a metal-oxygen compound comprising a two 
stage method of transforming iron oxide to steel. Stephens teaches in a first reaction stage, 
passing CO gas into a reaction chamber containing said an iron-oxygen compound (column 2, 
lines 9-26) under conditions such that CO is converted to solid carbon and carbon dioxide 
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thereby introducing the solid carbon so formed to said iron-oxygen compound (column 2, lines 
1-4, where an excess of carbon is available to supply sufficient heat upon combustion), and in a 
second reaction stage, where the carbon was introduced to the iron -oxygen compound in the first 
reaction stage, reduces the iron-oxygen compound (column 1, lines 61-64), to iron-carbide 
(column 1, line 62, where iron carbide under the circumstances taught by Stephens inherently 
promotes both the reduction of iron oxide to iron carbide and the Boudouard chemical reaction 
of carbon monoxide to carbon and carbon dioxide. The iron carbide is a promoter for both the 
first reaction (the Boudouard chemical reaction) and the second reaction (the iron oxide to iron 
carbide chemical reaction)). 

Stephens does not teach the second reaction stage performed at a higher temperature than 
said first reaction stage. However, Stephens teaches that the second stage is at an elevated 
temperature of about 1,100°F to 1,300°F. (Column 5, lines 9-14). As a result, it would not be 
inventive to discover the workable ranges by routine experimentation of the invention taught by 
Stephens because "where the general conditions of a claim are disclosed in the prior art, it is not 
inventive to discover the optimum or workable ranges by routine experimentation." In re AUer . 
220 F.2d 454, 456 (CCPA 1955). 

10. Claims 11, 12, 18 and 27 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Stephens, Jr. (US 4,053,301) in view of the article Reduction and Sintering of Fluxed Iron Ore 
Pellets — ^A Comprehensive Review (hereafter referred to as, "article") (S. Prakash, Reduction 
and Sintering of Fluxed Iron Ore Pellets — ^A Comprehensive Review . The Journal of the South 
African Institute of Mining and Metallurgy, Jan./Feb. 1996, at 3). While Stephens teaches the use 
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of an iron-oxide compound, Stephens does not teach a mixture of at least two metal-oxygen 
compounds. The article teaches a method of reducing iron ore pellets. (Synopsis). 

Regarding claim 11, 12, 27, the article teaches at higher temperatures that a ferrite 
phase tends to grow on iron ore, progressively producing bridges that consolidate and 
form aggregate particles. (Page 12, column 1, paragraph 3). As a result, it would have 
been obvious to a person of ordinary skill at the time of the invention that a ferrite phase 
would grow on the iron ore during the process taught by Stephens, such that a ferrite 
phase would bridge to other particles of iron oxide and iron carbide, resulting in 
conglomerates of particles composed of iron oxide and iron carbide. 

Regarding claim 18, the article teaches that nickel-oxide is a useful catalyst for a 
direct-reduction of iron oxide to iron carbide. (Page 9, column 1, paragraph 4). As a 
result, it would have been obvious to a person of ordinary skill at the time of the 
invention to incorporate both iron-oxide and nickel-oxide in the Stephens process of 
directly reducing iron ore to steel because the starting material contains iron-oxide and 
nickel-oxide is another catalyst (in addition to iron carbide) that can reduce iron oxide to 
iron carbide. 



Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to YOSHITOSHI TAKEUCHI whose telephone number is (571) 
270-5828. The examiner can normally be reached on Monday-Thursday 9:30-3:00. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Jennifer McNeil can be reached on (571) 272-1540. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an apphcation may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Y oshitoshi Takeuchi/ 
/Jennifer McNeil/ 

Supervisory Patent Examiner, Art Unit 4162 



